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"i (5 7) Abstract: 

PROBLEM TO BE SOLVED: To provide a porous layer 
having pores composed of a nanostructure, simply 
controlling the pore density at low cost, and capable of 
enlarging the area of the pore control and to provide its 
manufacturing method. 

SOLUTION: This porous layer comprises two different 
pore structures of a first pore group 3 and a second pore 
group 4 and the first pore group 3 and the second pore 
group 4 have continuity. In manufacturing the porous 
structure, a multistage anodic oxidation method is used. 
Practically, a formation voltage for the anodic oxidation 
is varied. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the device equipped with the porous layer which 
has the pore by which consistency control was carried out, and this porous layer, and its 
manufacture approach. 
[0002] 

[Description of the Prior Art] The nano structure which has the fine structure attracts attention 
increasingly greatly from unique physical properties being shown electrically and optically. As 
for the nano structure which has such the fine structure, the application to the various fields to a 
vacuum micro device, a magnetic device, a luminescence device, a photograph nick device, the 
quantum effectiveness device, a chemical sensor, magnetic memory, etc. is expected. The 
alumina oxide film on anode is known for many years as the nano structure which has the fine 
structure. An alumina oxide film on anode can form the nano structure in self-organization, and 
ultra-fine processing technology, such as photolithography, electron beam lithography, and X- 
ray lithography, can say it as the advantageous nano structure industrially at an unnecessary 
point. 

[0003] According to the anodic oxidation technique known from the former, an alumina oxide 
film on anode is formed in self-organization by anodizing an aluminum plate in acidic solutions, 
such as a sulfuric acid and oxalic acid. As shown in drawing 12 , the alumina oxide film on 
anode 2 formed on the aluminum substrate 1 has much pores 3 whose diameters are about 5- 
200nm, and has the structure which this pore 3 arranged regularly. The array structure where 
such regularity is excellent originates in the alumina oxide film on anode 2 being formed by the 
cellular structure 25. Such the cellular structure 25 is easily controlled by anodic oxidation 
conditions, such as applied voltage. 

[0004] In recent years, the technique which controls the pore of an alumina oxide film on anode 
to a precision was indicated by JP,10-121292,A. According to JP,10-121292,A, by being stuck to 
the aluminum substrate which anodizes the substrate which equipped the front face with two or 
more projections by pressure, a hollow is formed in an aluminum substrate front face, and this 
hollow is anodized as an origin. Thus, the formed pore is controlled by spacing of the hollow of 
the substrate stuck by pressure, and the array by the precision, and has a big merit at the point 
whose homogeneity of the roundness of pore, a pole diameter, and spacing can improve. 
[0005] 

[Problem(s) to be Solved by the Invention] However, the porosity nature anodic oxidation 
alumina film indicated by JP, 10-1 2 1292, A had the technical problem that spacing of pore and an 
array were uncontrollable by the large area. Moreover, the technique indicated by JP,10- 
12 1292, A needed to form beforehand in the mother substrate (mould) the pole diameter by 



which the device design was carried out, and the heights which have spacing, and had the 
technical problem that ultra-fine processing technology was needed for this mould formation. 
This invention has the pore which is made in order to solve the technical problem of the above- 
mentioned conventional technique, and consists of nano structure, controls a pore consistency to 
simplicity and low cost, and aims at offering the device equipped with the porous layer which 
enabled large area-ization of pore control, and this porous layer, and its manufacture approach. 
[0006] 

[Means for Solving the Problem] In order to attain the above-mentioned object, the porous layer 
by the invention in this application The 1st pore group which is the porous layer which consists 
of two or more pores which have nano structure preferably fundamentally, has opening on a front 
face, and carries out termination in a certain depth, The 1st pore group at least is characterized by 
having the 2nd pore group from which an aperture differs succeeding said part and depth 
direction of a pore group of the 1 st. 

[0007] That is, he is trying to offer a porous layer with the effective pore density structure 
controlled by the porous layer by the invention in this application by making the 2nd pore group 
in which it culls out at intervals of a request of the 1st pore group which consists of two or more 
pores which have nano structure, and an aperture differs from this pore to the pore this operated 
on a curtailed schedule continue. In the porous layer of the invention in this application, it has 
the different cellular structure from the 1st pore group and the 2nd pore group preferably, and 
when the cellular structures differ, the 1st pore group and the 2nd pore group from which 
configurations, such as a pole diameter, a pore consistency (pore pitch), and pore die length, 
differ are formed. 

[0008] In one gestalt of the porous layer of the invention in this application, the aperture of said 
2nd pore group is made larger than the aperture of said 1st pore group. Preferably In there, the 
gestalt with which said 2nd pore group follows said 1st pore group is made into the gestalt which 
the pore of two or more 2nd pore groups follows to the pore of the 1st one pore group. Moreover, 
it is made for said 2nd pore group to have opening on another front face of said front face of said 
porous layer in one gestalt of the porous layer of the invention in this application. 
[0009] The manufacture approach by this invention which manufactures the above-mentioned 
porous layer is characterized by including the process which forms the 2nd pore group which 
anodizes on the 1st process which anodizes an anodic oxidation base and forms the 1st pore 
group fundamentally, and different conditions from said 1st process, and follows a part of 1st 
pore group, formation voltage [ in / in formation voltage / in / in there, said different conditions 
are the formation voltage in anodic oxidation preferably, and / said 2nd process / said 1st 
process ] - it considers as an integral multiple mostly. 

[0010] It explains more concretely. If the porous layer by the invention in this application and its 
manufacture approach are classified into two, they can do things. First, the 1st porous layer and 
its manufacture approach are explained. Here, let a substrate outside (the 1st front face exposed 
spatially substantially) and the 2nd pore group be the substrate insides (the 2nd front face which 
contacts a substrate substantially) for the 1st pore group. The 1st pore group has the detailed 
cellular structure of extent which forms the nano structure preferably. The cellular structure 
which forms the 2nd pore group is larger than the cellular structure which forms the 1st pore 
group. Therefore, the pore of the 2nd pore group is larger than the pole diameter of the pore of 
the 1st pore group, and a pore pitch is also large (a pore consistency is small). As shown in 
drawing 2 explained later, the porous layer later explained as 1st concrete configuration has the 
configuration which the pore 3 of the 1st pore group which has the nano structure is operated on 



a curtailed schedule, and the pore 4 of the 2nd pore group connects with pore 3a of the 1st pore 
group operated on a curtailed schedule. 

[001 1] The manufacture approach of the above-mentioned porous layer is characterized by using 
a multistage story anode oxidation method (here, only a two-step anode oxidation method being 
explained as simplest approach). In there, formation voltage for forming the 2nd pore group is 
made larger than the formation voltage for forming the 1st pore group. If formation voltage 
which forms the VI and 2nd pore group for the formation voltage which forms the 1st pore 
group is set to V2, while the ratio of the cell size of the 1st pore group and the cell size of the 2nd 
pore group is set to VI /V2, the pore of the 2nd pore group will be formed for every [ V2 of the 
pore of the 1st pore group/] VI. for example, it is V1=30V and V2=150V - then, cell size [ of 
the 1st pore group ]: - it is set to cell size =1 :5 of the 2nd pore group, and the pore of the 2nd 
pore group is formed every five of the pores of the 1st pore group. At this time, the ratio of the 
pore consistency of the 2nd pore group and the pore consistency of the 1st pore group is set to 
1 :25, by using for a device the pore penetrated from the 1st front face of a porous layer to the 
2nd front face, can operate on a curtailed schedule 1/25 of the pores formed in the 1st front-face 
side, and becomes controllable [ a substantial pore consistency ]. Offer of the porous layer which 
has a pore consistency according to a device design is attained from the above thing by 
controlling the formation voltage which forms the 1st pore group, and the formation voltage 
which forms the 2nd pore group. 

[0012] Next, the 2nd porous layer and its manufacture approach are explained. This porous layer 
is completely contrary to the configuration of the above-mentioned porous layer, and the cellular 
structure which forms the 1st pore group is larger than the cellular structure which forms the 2nd 
pore group. The cellular structure which forms the 2nd pore group is detailed, and, substantially, 
consists of the pore aggregates (2nd pore group) which reach from the one pore of the 1st pore 
group to a substrate, in pore 3a of the 1 st pore group which the pore 3 of the 1 st pore group 
which has the nano structure thinned out the 2nd porous layer, and it was carried out as shown in 
drawing 9 explained later, and was thinned out and carried out, the 2nd pore group 1 7 which 
consists of the pore aggregates is formed, and it has in it the configuration which leads pore 3a of 
the 1st pore group to a substrate. 

[0013] The manufacture approach of the above-mentioned porous layer is characterized by using 
a multistage story anode oxidation method like the manufacture approach of the 1st porous layer. 
In there, formation voltage for forming the 2nd pore group is made smaller than the formation 
voltage for forming the 1 st pore group. If formation voltage which forms the VI and 2nd pore 
group for the formation voltage which forms the 1st pore group is set to V2, the pore which even 
the substrate film (substrate) operated on a curtailed schedule for every [ VI/] V2 penetrates will 
be formed. For example, if it is V1=40V and V2=20V, the pore aggregate 1 7 of the 2nd pore 
group is formed in two of the pore 3 of the 1st pore group at a rate of one piece like drawing 9 . 
[0014] As mentioned above, the porous layer of the invention in this application makes it 
possible to offer the porous layer equipped with the nano structure by which the pore consistency 
was controlled, when it consists of two different pore structures, the 1st pore group and the 2nd 
pore group, and a part of 1st pore group and the 2nd pore group have a continuity. Moreover, 
while such a porous layer is formed in ease and low cost with the multistage story anodic 
oxidation method using formation voltage change, offer to a large area device of it is attained. 
[0015] Therefore, this invention is equipped with one of the porous layers described above on the 
electrode again. It has further the electron emission section prepared in said pore of the 1 st pore 
group which follows said 2nd pore group and said 2nd pore group. The electron device 



characterized by connecting said electron emission section with said electrode electrically 
substantially is indicated. Moreover, have the porous layer of a gap to describe above on an 
electrode, or a publication, and it has further the chemical sensor section prepared in said pore of 
the 1st pore group which follows said 2nd pore group and said 2nd pore group. The chemical 
sensor device characterized by connecting said chemical sensor section with said electrode 
electrically substantially is also indicated, according to this invention — such a device — setting — 
low — offer of consistency nano structure is attained and the improvement in a property of these 
devices of it is attained, in addition, this invention — setting — "connecting electrically 
substantially" - for example, even if it is connection through a thin insulating material etc., it 
uses as a thing also containing a connection mode in which migration of a charge on another side 
from one side and supply are substantially performed by tunneling etc. at the time of actuation. 
[0016] 

[Embodiment of the Invention] <the 1st operation gestalt> — in the 1st operation gestalt, by 
increasing the formation voltage of the 2nd-step anodic oxidation (2nd pore group) explains the 
manufacture approach of a porous layer of having the pore of the selected (infanticide) pore 
structure, to the formation voltage of the lst-step anodic oxidation (1st pore group) using a two- 
step anode oxidation method. Drawing 1 -3 are the process sectional view showing the 
manufacture approach of the porous layer of this operation gestalt. 

[0017] Drawing 1 shows the process sectional view of the porous layer after the lst-step (1st 
pore group) anodic oxidation. Like drawing 1 , the aluminum substrate 1 (99% or more of purity 
is desirable) was anodized, and the alumina oxide film on anode 2 and the pore group 3 were 
formed. The aluminum substrate 1 impressed and anodized the electrical potential difference of 
40V among 0.3M oxalic acid (temperature: 16 degrees C). Drawing 2 shows the process 
sectional view of the porous layer after the 2nd-step (2nd pore group) anodic oxidation. The pore 
4 of the 2nd pore group which connects with a part of pore 3a formed by the 1 st pore group like 
drawing 2 was formed. Anodic oxidation conditions were 195V among the 0.3M phosphoric acid 
(temperature: 0 degree C). 

[0018] At this time, selectivity (thinning out ****) (the pitch 5 of the pore of the 1 st pore group / 
pitch 6 of the pore of the 2nd pore group) K can be expressed as K**V1/V2 using applied- 
voltage:Vl of the lst-step (1st pore group) anodic oxidation, and applied-voltage:V2 of the 2nd- 
step (2nd pore group) anodic oxidation. K is approximated to an integer. In this operation gestalt, 
it is calculable with K=40/195**l/5. That is, the pore (pore formed from the pore of the 1st pore 
group and the pore of the 2nd pore group) which penetrates an aluminum substrate has formed 
the structure which chooses four of five of the pores formed after the lst-step anodic oxidation 
(infanticide). At this time, the pore consistency of the pore which penetrates an aluminum 
substrate decreased to 1/25 of the pore consistencies of the pore of the 1st pore group (V1/V2) 
(2). Moreover, a pole diameter and cell size increased by those 5 times (V2/V1) the pore of the 
1st pore group. 

[0019] As mentioned above, by controlling the applied voltage of the lst-step (1st pore group) 
anodic oxidation, and the applied voltage of the 2nd-step (2nd pore group) anodic oxidation The 
pore of the 2nd pore group was prepared in the pore of the 1st pore group chosen according to 
the device design (infanticide), and the consistency of the penetration pore penetrated from one 
front face of an oxide film on anode 2 to another front face became controllable. 
[0020] Drawing 3 shows the process sectional view of the porous layer after the current recovery 
for contacting the 2nd pore 4 and aluminum substrate 1 of a pore group. The micropore 7 of an 
arborescence formed in the pars basilaris ossis occipitalis of the pore 4 of the 2nd pore group like 



drawing 3 . By forming such micropore 7, the aluminum substrate 1 and contact of the 
penetration pore formed from the selected pore 3 of the 1st pore group and the selected pore 4 of 
the 2nd pore group are attained, such current recovery — the inside of the 2nd 0.3M phosphoric 
acid (temperature: 0 degree C), and 195V — receiving — applied voltage - 10 ~ it was attained 
by decreasing every [ V ] (195V->185V->175V-> - -> - ->-). When contact to the aluminum 
substrate 1 is inadequate, by leaving it in a sulfiiric-acid solution for several hours, etching 
clearance is carried out and it becomes enough contacting the about seven-micropore anodized 
film 2 (alumina; Ar 203) to the aluminum substrate 1 . Such contact needs to be substantially 
connected with the aluminum substrate 1 electrically. Although it is desirable that the barrier 
layer of pore 3 pars basilaris ossis occipitalis is removed thoroughly as for substantial electrical 
installation, if conductivity is secured, it means that the barrier layer may not be removed 
thoroughly. That is, when a barrier layer is thin enough, it is because it becomes securable [ the 
conductivity by tunneling ]. 

[0021] Drawing 4 (a) - (c) shows the process sectional view of the porous layer which filled up 
penetration pore with the packing material using the penetration pore formed by drawing 1 - 
drawing 3 . Such a manufacture approach is applicable to a vacuum micro device, a magnetic 
device, a luminescence device, a photograph nick device, the quantum effectiveness device, a 
chemical sensor, magnetic memory, etc. In this operation gestalt, a chemical sensor is explained 
as an example of representation. Drawing 4 (a) separates the ****** oxide film on anode 2 for 
the pore 3 of the 1st pore group on the aluminum substrate 1 formed like drawing 3 , the pore 4 
of the 2nd pore group, and the micropore 7 of an arborescence, and shows the process sectional 
view of the porous layer which formed the electrode material 8 in the aluminum substrate of the 
1st pore group, and the front face of an opposite hand. 

[0022] The anodized film 2 from the aluminum substrate 1 is separated by one of the approaches 
of whether etching clearance of the aluminum substrate 1 is carried out, or to carry out the 
reverse point of the potential at the time of anodic oxidation. An electrode material 8 is formed 
using a spatter or vacuum deposition. If the thickness of an electrode material 8 has desirable 
about 0.5-1 micrometer and its thickness is thin, it cannot fully cover oxide-film-on-anode 2 
front face, but on the other hand, if thickness is thick, the problem of being hard to form a thin 
film will produce it. 

[0023] Drawing 4 (b) removes the barrier layer of the micropore 7 of the arborescence formed in 
the aluminum substrate 1 side, and shows the process sectional view of the porous layer which 
filled up selectively the pore of the 1st pore group linked to the 2nd pore group with the sensing 
ingredient 10. The barrier layer of the micropore 7 of an arborescence was removed using the 
rare fluoric acid of about 0.5 - 1% of concentration. Thus, by removing the barrier layer of the 
micropore 7 of an arborescence, opening 9 will be formed and the pore 3 of the 1 st pore group 
linked to the pore 4 of the 2nd pore group will be spatially exposed selectively. Then, the pore 3 
of the 1st pore group exposed spatially is selectively filled up with the sensing ingredient 10 by 
the electric depositing method, for example, electric plating. 

[0024] Drawing 4 (c) shows the process sectional view of the porous layer which exposed to 
space the head of the sensing ingredient 10 with which the pore 3 of the 1st pore group thinned 
out and (selection) carried out was filled up. Here, the oxide-film-on-anode part of the 2nd pore 
group is removed, clearance of an anodized film — an etching removal method or chemical / 
mechanical polish (CMP;Chemical Mechanical Polishing) - law is used. In respect of the ease of 
manufacture, on the etching method and a concrete target, the wet etching method is desirable, 
and fluoric acid, a phosphoric acid / hydrochloric-acid mixed acid, a sodium hydroxide, etc. can 



be used. A sensing ingredient is filled up into a porous layer with the selectivity (rate of 
infanticide) decided by the applied voltage of the lst-step (1st pore group) anodic oxidation, and 
applied voltage of the 2nd-step (2nd pore group) anodic oxidation by penetration pore like 
drawing 4 (c). In this operation gestalt, the porous layer with which it filled up every five of the 
pore of the 1st pore group was formed. Thus, unlike the conventional chemical sensor, the 
consistency of the nano structure was controlled, and since the chemical sensor using the 
manufactured nano structure had the configuration in which the sensing ingredients with which 
the nano structure was filled up were moderately scattered, its sensing property of a chemical 
sensor improved greatly. 

[0025] A <operation gestalt of ** 2nd> book operation gestalt explains the manufacture 
approach of the porous layer at the time of using support substrates, such as a glass substrate and 
a silicon substrate, using drawing 5 and drawing 6 using the two-step anode oxidation method 
explained with the 1st operation gestalt. The devices using the porous layer of such a 
configuration are current and the structure where it is widely used for a device, and can be 
widely applied to various electron devices, an optical device, etc. In this operation gestalt, an 
electron device is mentioned as the example of representation, and is explained. 
[0026] Drawing 5 (a) shows the process sectional view of the porous layer after the lst-step (1st 
pore group) anodic oxidation. As a support substrate 1 1, a glass substrate, a silicon substrate, etc. 
are desirable. When using a glass substrate, formation of an electrode material is required on the 
support substrate 11. The silicon substrate was used in this operation gestalt. On a silicon 
substrate 1 1, the aluminum deposition film 12 is formed with a spatter, vacuum deposition, etc. 
The thickness of the aluminum deposition film 12 has desirable about 2-4 micrometers, and 
when thickness is thin, pore formation is checked, and when thickness is thick, on the other hand, 
a production process becomes severe. Moreover, as for the front face of the aluminum deposition 
film 12, it is indispensable that it is a flat, and it is desirable in a visual inspection that it is a 
mirror plane. 

[0027] Thus, the lst-step (1st pore group) anodic oxidation was performed on the formed 
aluminum deposition film 12 like drawing 1 . Anodic oxidation conditions were 0.3M oxalic acid, 
temperature: 16 degree C, and applied-voltage:40V. Like drawing 5 (a), while the oxide film on 
anode 2 formed in the surface part of the aluminum deposition film 12 on a silicon substrate 1 1, 
the pore 3 of the 1st pore group formed. 

[0028] Drawing 5 (b) shows the process sectional view of the porous layer after the 2nd-step 
(2nd pore group) anodic oxidation. The pore 4 of the 2nd pore group which connects with a part 
of pore 3a formed by the 1 st pore group like the case of drawing 2 was formed. Anodic oxidation 
conditions were 0.05M oxalic acid, temperature: 16 degree C, and applied-voltage:80V. As 
shown in drawing 5 (b), the barrier layer 13 exists in the pars basilaris ossis occipitalis (pore pars 
basilaris ossis occipitalis by the side of a silicon substrate 1 1) of the pore 4 of the 2nd pore group. 
[0029] Drawing 6 (a) shows the process sectional view after removing the barrier layer 13 of the 
pars basilaris ossis occipitalis of the pore 4 of the 2nd pore group. The barrier layer 13 on a 
silicon substrate was easily removable by continuing and performing anodic oxidation to 
drawing 5 (b). Thus, by controlling anodization time amount, the barrier layer 13 of the pars 
basilaris ossis occipitalis of the pore 4 of the 2nd pore group was removed, and the exposed part 
14 of a silicon substrate formed. As shown in drawing 6 (a), the pore which has the exposed part 
14 of a silicon substrate 1 1 can offer now the porous layer which controlled the pore consistency 
by using the pore which was chosen (infanticide) and chosen in this way (infanticide). 
[0030] Drawing 6 (b) shows the process sectional view after filling up with a packing material 15 



the pore chosen by drawing 6 (a) (infanticide). The electrochemical deposition, i.e., 
electroplating, of the approach of filling up the selected (infanticide) pore with a packing 
material 15 is desirable. Like drawing 6 (b), the pore which the silicon substrate 1 1 exposed was 
selectively filled up with the packing material 15 by electroplating, and the pore of the 1st pore 
group was operated on a curtailed schedule as a result Thus, the porous layer of the invention in 
this application could be formed not only an aluminum substrate but on the silicon substrate and 
the glass substrate, and it has checked that it could carry in various devices, such as an electron 
device and an optical device. 

[0031] A <operation gestalt of** 3rd> book operation gestalt explains the manufacture approach 
of the porous layer at the time of using the support substrates 1 1, such as a silicon substrate, like 
the 2nd operation gestalt using drawing 7 . In this operation gestalt, a vacuum micro device is 
mentioned as the example of representation, and is explained. Especially, the manufacture 
approach of a carbon nanotube electron source is explained as an example of the manufacture 
approach of the electron source in which low-battery actuation is possible. However, as an 
electron source ingredient of the invention in this application, it may not be limited to such a 
carbon material. 

[0032] The process sectional view after drawing 7's (a ? s) f s forming pore structure on the support 
substrate 1 1 with two-step anodic oxidation method like drawing 6 (a), using the pore structure 
as mold and forming a carbon nanotube 16 is shown, a carbon nanotube 16 — CVD (Chemical 
Vapor Deposition) — it may be formed by law. As the formation approach of such a carbon 
nanotube 16, a metal catalyst is arranged in the support substrate outcrop 14 of the pars basilaris 
ossis occipitalis of the pore 4 of the 2nd pore group, and there is also the approach (see the 
carbon nanotube formation approach of patent No. 3008852) of forming a carbon nanotube by 
making this metal catalyst into a growth origin. The carbon nanotube 16 was formed in each of 
the penetration pore which the pore 3 of the 1 st pore group, and the pore 3 of the 1 st pore group 
and the pore 4 of the 2nd pore group connected and formed like drawing 7 (a). 
[0033] Drawing 7 (b) shows the process sectional view after exposing the head of the selected 
(infanticide) pore. Head exposure of the carbon nanotube 16 from an anodized film 2 used the 
wet etching method. As etching for anodized film 2 clearance, fluoric acid, a phosphoric acid, a 
sodium hydroxide, a phosphoric acid/hydrochloric acid, etc. are used. If such wet etching is 
performed, the lift off of the carbon nanotube 16a formed in pores 3 other than the penetration 
pore which the pore 3 of the 1st pore group and the pore 4 of the 2nd pore group connected and 
formed like drawing 7 (b) is carried out with etching of an anodized film 2, and only the carbon 
nanotube 16 formed in penetration pore remains. As a result, the carbon nanotube 16 to form is 
operated on a curtailed schedule and the consistency of a carbon nanotube 16 decreases. 
[0034] However, since a carbon film is covered also not only to the wall of pores 3 and 4 but to 
oxide-film-on-anode 2 front face in the manufacture approach of the carbon nanotube by the 
CVD method which uses as mold pore structure explained by drawing 7 (a), it is necessary to 
remove the carbon film of oxide-film-on-anode 2 front face. The carbon film of oxide-film-on- 
anode 2 front face is easily removable by oxygen plasma etching which used RIE (Reactive 
IonEtching). As mentioned above, by using two-step anodic oxidation method, by the 
consistency of a carbon nanotube decreasing and exposing the head of a carbon nanotube, 
electric-field concentration was able to be raised and low-battery emission was able to be made 
possible. 

[0035] <the 4th operation gestalt> - in the 4th operation gestalt, the manufacture approach of the 
porous layer using another two-step anode oxidation method is explained. A different point from 



the 1st operation gestalt manufactures the porous layer which has the pore of the pore structure 
which chose formation voltage of the 2nd-step anodic oxidation (2nd pore group) by decreasing 
(infanticide) to the formation voltage of the lst-step anodic oxidation (1st pore group). Drawing 
8 -9 are the process sectional view showing the manufacture approach of the porous layer of this 
operation gestalt. 

[0036] Drawing 8 shows the process sectional view after performing the lst-step anodic 
oxidation to the aluminum substrate 1 like drawing 1 . Anodic oxidation conditions were 0.3M 
oxalic acid, temperature: 16 degree C, and applied-voltage :40V. Like drawing 8 , while the oxide 
film on anode 2 formed on the aluminum substrate 1, the pore 3 of the 1st pore group formed. 
Drawing 9 shows the process sectional view after performing the 2nd-step anodic oxidation. 
Anodic oxidation conditions are 0.3M oxalic acid, temperature: 1 6 degree C, and applied- 
voltage :20 V, and the pore (pore aggregate) 1 7 of the 2nd pore group which thinned out and 
carried out pore 3a of the 1st pore group formed them. 

[0037] At this time, selectivity (rate of infanticide) (pitch 19 of the pore which the pore 
aggregate of the pitch 1 8 of the pore of the 1st pore group/the 2nd pore group formed) K Applied 
voltage of the lst-step (1st pore group) anodic oxidation: Using VI and applied-voltage:V2 of 
the 2nd-step (2nd pore group) anodic oxidation, it becomes K**V2/V1 and is set to one half in 
this operation gestalt. That is, the pore (pore aggregate) 17 of the 2nd pore group forms [ one ] in 
two of the pores of the 1st pore group. At this time, the pore consistency of the pore which 
penetrates an oxide film on anode 2 decreased to one fourth of the pores of the 1st pore group. 
[0038] Like the 1st operation gestalt as mentioned above, by controlling the applied voltage of 
the lst-step (1st pore group) anodic oxidation, and the applied voltage of the 2nd-step (2nd pore 
group) anodic oxidation The pore (pore aggregate) of the 2nd pore group was prepared in the 
pore of the 1st pore group chosen according to the device design (infanticide), and the 
consistency of the penetration pore penetrated from one front face of an oxide film on anode 2 to 
another front face became controllable. 

[0039] Next, drawing 10 and drawing 1 1 explain the example of representation for applying the 
porous layer of such a configuration to a device. Drawing 10 (a) - (c) is an example of 
representation at the time of using an aluminum substrate (configuration applicable to a chemical 
sensor), and drawing 1 1 (a) - (c) is an example of representation at the time of using the support 
substrates 11, such as a glass substrate and a silicon substrate, (configuration applicable to an 
electron source). 

[0040] To the porous layer shown by drawing 9 , drawing 10 (a) removes the aluminum substrate 
1, and shows the process sectional view after forming an electrode 20. The aluminum substrate 1 
carried out etching clearance with the mixed acid of a phosphoric acid / nitric acid / acetic acid. 
The electrode 20 was deposited with a spatter and vacuum deposition. Drawing 1 0 (b) shows the 
process sectional view after filling up the pore operated on a curtailed schedule with the sensing 
ingredient 22 after removing the barrier layer of the pore aggregate 17 of the 2nd pore group. 
The barrier layer was removed by fluoric acid and formed opening 21 in the pore aggregate 1 7. 
Drawing 10 (c) shows the process sectional view after exposing the head of the filled sensing 
ingredient 22. The anodized film 2 was removed using the wet etching method or the chemical / 
mechanical grinding method. By removing an oxide film on anode 2, the head of the sensing 
ingredient 22 with which only the pore of the 1st pore group which the pore aggregate of the 2nd 
pore group formed was filled up was exposed. 

[0041] Next, the application of another device is explained. As the 2nd operation gestalt 
explained, drawing 1 1 (a) forms the aluminum deposition film 2 on a silicon substrate 11, gives 



the 1st and the 2nd-step anodic oxidation like drawing 8 and drawing 9 , and shows the process 
sectional view after putting a carbon film 16 on the wall of pores 3 and 17 with a CVD method. 2 
micrometers of aluminum deposition film 2 were formed by the spatter on the silicon substrate 
11. Moreover, the lst-step anodic oxidation was performed by 40V among 0.3M oxalic acid 
(temperature: 16 degrees C), and the 2nd-step anodic oxidation was performed by 20V among 
0.3M oxalic acid (temperature: 16 degrees C). The carbon film (carbon nanotube) formed 800 
degrees C and a propylene (inside of nitrogen 2.5%) by making it circulate for 3 hours among the 
quartz coil. 

[0042] Drawing 1 1 (b) is the process sectional view after exposing a carbon nanotube 16 to space. 
By carrying out etching clearance of the anodized film 2 by fluoric acid etc., the head of a carbon 
nanotube is exposed. Although the exposed carbon nanotube consists of a carbon nanotube 23 
formed in the penetration pore which consists of a pore aggregate 1 7 of the pore 3 of the 1 st pore 
group, and the 2nd pore group, and a carbon nanotube 24 formed in 1st pore group independent 
pore at this time, since floating of the carbon nanotube 24 is carried out electrically, only a 
carbon nanotube 23 is activity in device substantially. Therefore, the pore formed by the lst-step 
anodization as a result was operated on a curtailed schedule, and the pore consistency (carbon 
nanotube consistency) was reduced. However, when a problem has a carbon nanotube 24 to a 
device structure target, it is required to carry out a lift off and to remove the unnecessary carbon 
nanotube 24 by the over etching of an anodized film 2. 

[0043] As mentioned above, by making formation voltage of the 2nd-step anodic oxidation 
smaller than the formation voltage of the lst-step anodic oxidation, by operating on a curtailed 
schedule the pore formed by the 1 st-step anodic oxidation, and reducing the consistency of the 
carbon nanotube electron source formed substantially, electric-field concentration was raised and 
the electron source in which low-battery emission is possible has been offered using the two-step 
anode oxidation method. 
[0044] 

[Effect of the Invention] As mentioned above, the porous layer of the invention in this 
application can obtain easily the thing of the pore consistency by which the request was 
controlled, though it is the porous layer which has simple structure, since it is obtained by culling 
out at intervals of a request of the 1st pore group which has nano structure. Moreover, since the 
manufacture approach of the porous layer by the invention in this application was based on 
changing the formation voltage in multistage story anodic oxidation, it enabled formation of a 
large area porous layer, and became entirely unnecessary [ the expensive manufacturing 
installation in which micro processing is possible ] simultaneously. Furthermore, the porous 
layer by the invention in this application offers structure advantageous to the device which has 
the nano structure of a low consistency, and enabled improvement in a device property of a 
chemical sensor and an electron source especially. 



TECHNICAL FIELD 



[Field of the Invention] This invention relates to the device equipped with the porous layer which 
has the pore by which consistency control was carried out, and this porous layer, and its 
manufacture approach. 



PRIOR ART 



[Description of the Prior Art] The nano structure which has the fine structure attracts attention 
increasingly greatly from unique physical properties being shown electrically and optically. As 
for the nano structure which has such the fine structure, the application to the various fields to a 
vacuum micro device, a magnetic device, a luminescence device, a photograph nick device, the 
quantum effectiveness device, a chemical sensor, magnetic memory, etc. is expected. The 
alumina oxide film on anode is known for many years as the nano structure which has the fine 
structure. An alumina oxide film on anode can form the nano structure in self-organization, and 
ultra-fine processing technology, such as photolithography, electron beam lithography, and X- 
ray lithography, can say it as the advantageous nano structure industrially at an unnecessary 
point. 

[0003] According to the anodic oxidation technique known from the former, an alumina oxide 
film on anode is formed in self-organization by anodizing an aluminum plate in acidic solutions, 
such as a sulfuric acid and oxalic acid. As shown in drawing 12 , the alumina oxide film on 
anode 2 formed on the aluminum substrate 1 has much pores 3 whose diameters are about 5- 
200nm, and has the structure which this pore 3 arranged regularly. The array structure where 
such regularity is excellent originates in the alumina oxide film on anode 2 being formed by the 
cellular structure 25. Such the cellular structure 25 is easily controlled by anodic oxidation 
conditions, such as applied voltage. 

[0004] In recent years, the technique which controls the pore of an alumina oxide film on anode 
to a precision was indicated by JP,10-121292,A. According to JP,10-121292,A, by being stuck to 
the aluminum substrate which anodizes the substrate which equipped the front face with two or 
more projections by pressure, a hollow is formed in an aluminum substrate front face, and this 
hollow is anodized as an origin. Thus, the formed pore is controlled by spacing of the hollow of 
the substrate stuck by pressure, and the array by the precision, and has a big merit at the point 
whose homogeneity of the roundness of pore, a pole diameter, and spacing can improve. 



EFFECT OF THE INVENTION 



[Effect of the Invention] As mentioned above, the porous layer of the invention in this 
application can obtain easily the thing of the pore consistency by which the request was 
controlled, though it is the porous layer which has simple structure, since it is obtained by culling 
out at intervals of a request of the 1 st pore group which has nano structure. Moreover, since the 
manufacture approach of the porous layer by the invention in this application was based on 
changing the formation voltage in multistage story anodic oxidation, it enabled formation of a 
large area porous layer, and became entirely unnecessary [ the expensive manufacturing 
installation in which micro processing is possible ] simultaneously. Furthermore, the porous 
layer by the invention in this application offers structure advantageous to the device which has 
the nano structure of a low consistency, and enabled improvement in a device property of a 
chemical sensor and an electron source especially. 



TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, the porosity nature anodic oxidation 
alumina film indicated by JP, 10-1 2 1292, A had the technical problem that spacing of pore and an 
array were uncontrollable by the large area. Moreover, the technique indicated by JP,10- 
12 1292, A needed to form beforehand in the mother substrate (mould) the pole diameter by 



which the device design was carried out, and the heights which have spacing, and had the 
technical problem that ultra-fine processing technology was needed for this mould formation. 
This invention has the pore which is made in order to solve the technical problem of the above- 
mentioned conventional technique, and consists of nano structure, controls a pore consistency to 
simplicity and low cost, and aims at offering the device equipped with the porous layer which 
enabled large area-ization of pore control, and this porous layer, and its manufacture approach. 



MEANS 



[Means for Solving the Problem] In order to attain the above-mentioned object, the porous layer 
by the invention in this application The 1st pore group which is the porous layer which consists 
of two or more pores which have nano structure preferably fundamentally, has opening on a front 
face, and carries out termination in a certain depth, The 1 st pore group at least is characterized by 
having the 2nd pore group from which an aperture differs succeeding said part and depth 
direction of a pore group of the 1st. 

[0007] That is, he is trying to offer a porous layer with the effective pore density structure 
controlled by the porous layer by the invention in this application by making the 2nd pore group 
in which it culls out at intervals of a request of the 1 st pore group which consists of two or more 
pores which have nano structure, and an aperture differs from this pore to the pore this operated 
on a curtailed schedule continue. In the porous layer of the invention in this application, it has 
the different cellular structure from the 1st pore group and the 2nd pore group preferably, and 
when the cellular structures differ, the 1st pore group and the 2nd pore group from which 
configurations, such as a pole diameter, a pore consistency (pore pitch), and pore die length, 
differ are formed. 

[0008] In one gestalt of the porous layer of the invention in this application, the aperture of said 
2nd pore group is made larger than the aperture of said 1st pore group. Preferably In there, the 
gestalt with which said 2nd pore group follows said 1st pore group is made into the gestalt which 
the pore of two or more 2nd pore groups follows to the pore of the 1st one pore group. Moreover, 
it is made for said 2nd pore group to have opening on another front face of said front face of said 
porous layer in one gestalt of the porous layer of the invention in this application. 
[0009] The manufacture approach by this invention which manufactures the above-mentioned 
porous layer is characterized by including the process which forms the 2nd pore group which 
anodizes on the 1st process which anodizes an anodic oxidation base and forms the 1st pore 
group fundamentally, and different conditions from said 1st process, and follows a part of 1st 
pore group, formation voltage [ in / in formation voltage / in / in there, said different conditions 
are the formation voltage in anodic oxidation preferably, and / said 2nd process / said 1 st 
process ] - it considers as an integral multiple mostly. 

[0010] It explains more concretely. If the porous layer by the invention in this application and its 
manufacture approach are classified into two, they can do things. First, the 1 st porous layer and 
its manufacture approach are explained. Here, let a substrate outside (the 1st front face exposed 
spatially substantially) and the 2nd pore group be the substrate insides (the 2nd front face which 
contacts a substrate substantially) for the 1st pore group. The 1st pore group has the detailed 
cellular structure of extent which forms the nano structure preferably. The cellular structure 
which forms the 2nd pore group is larger than the cellular structure which forms the 1st pore 
group. Therefore, the pore of the 2nd pore group is larger than the pole diameter of the pore of 
the 1st pore group, and a pore pitch is also large (a pore consistency is small). As shown in 



drawing 2 explained later, the porous layer later explained as 1st concrete configuration has the 
configuration which the pore 3 of the 1st pore group which has the nano structure is operated on 
a curtailed schedule, and the pore 4 of the 2nd pore group connects with pore 3a of the 1st pore 
group operated on a curtailed schedule. 

[001 1] The manufacture approach of the above-mentioned porous layer is characterized by using 
a multistage story anode oxidation method (here, only a two-step anode oxidation method being 
explained as simplest approach). In there, formation voltage for forming the 2nd pore group is 
made larger than the formation voltage for forming the 1st pore group. If formation voltage 
which forms the VI and 2nd pore group for the formation voltage which forms the 1st pore 
group is set to V2, while the ratio of the cell size of the 1st pore group and the cell size of the 2nd 
pore group is set to VI /V2, the pore of the 2nd pore group will be formed for every [ V2 of the 
pore of the 1st pore group/] VI. for example, it is V1=30V and V2=150V - then, cell size [ of 
the 1st pore group ]: - it is set to cell size =1 :5 of the 2nd pore group, and the pore of the 2nd . 
pore group is formed every five of the pores of the 1st pore group. At this time, the ratio of the 
pore consistency of the 2nd pore group and the pore consistency of the 1st pore group is set to 
1 :25, by using for a device the pore penetrated from the 1st front face of a porous layer to the 
2nd front face, can operate on a curtailed schedule 1/25 of the pores formed in the 1st front-face 
side, and becomes controllable [ a substantial pore consistency ]. Offer of the porous layer which 
has a pore consistency according to a device design is attained from the above thing by 
controlling the formation voltage which forms the 1st pore group, and the formation voltage 
which forms the 2nd pore group. 

[0012] Next, the 2nd porous layer and its manufacture approach are explained. This porous layer 
is completely contrary to the configuration of the above-mentioned porous layer, and the cellular 
structure which forms the 1st pore group is larger than the cellular structure which forms the 2nd 
pore group. The cellular structure which forms the 2nd pore group is detailed, and, substantially, 
consists of the pore aggregates (2nd pore group) which reach from the one pore of the 1st pore 
group to a substrate, in pore 3a of the 1st pore group which the pore 3 of the 1st pore group 
which has the nano structure thinned out the 2nd porous layer, and it was carried out as shown in 
drawing 9 explained later, and was thinned out and carried out, the 2nd pore group 17 which 
consists of the pore aggregates is formed, and it has in it the configuration which leads pore 3a of 
the 1st pore group to a substrate. 

[0013] The manufacture approach of the above-mentioned porous layer is characterized by using 
a multistage story anode oxidation method like the manufacture approach of the 1st porous layer. 
In there, formation voltage for forming the 2nd pore group is made smaller than the formation 
voltage for forming the 1st pore group. If formation voltage which forms the VI and 2nd pore 
group for the formation voltage which forms the 1st pore group is set to V2, the pore which even 
the substrate film (substrate) operated on a curtailed schedule for every [ VI/] V2 penetrates will 
be formed. For example, if it is V1=40V and V2=20V, the pore aggregate 17 of the 2nd pore 
group is formed in two of the pore 3 of the 1st pore group at a rate of one piece like drawing 9 . 
[0014] As mentioned above, the porous layer of the invention in this application makes it 
possible to offer the porous layer equipped with the nano structure by which the pore consistency 
was controlled, when it consists of two different pore structures, the 1st pore group and the 2nd 
pore group, and a part of 1st pore group and the 2nd pore group have a continuity. Moreover, 
while such a porous layer is formed in ease and low cost with the multistage story anodic 
oxidation method using formation voltage change, offer to a large area device of it is attained. 
[0015] Therefore, this invention is equipped with one of the porous layers described above on the 



electrode again. It has further the electron emission section prepared in said pore of the 1st pore 
group which follows said 2nd pore group and said 2nd pore group. The electron device 
characterized by connecting said electron emission section with said electrode electrically 
substantially is indicated. Moreover, have the porous layer of a gap to describe above on an 
electrode, or a publication, and it has further the chemical sensor section prepared in said pore of 
the 1st pore group which follows said 2nd pore group and said 2nd pore group. The chemical 
sensor device characterized by connecting said chemical sensor section with said electrode 
electrically substantially is also indicated, according to this invention — such a device - setting — 
low ~ offer of consistency nano structure is attained and the improvement in a property of these 
devices of it is attained, in addition, this invention — setting — "connecting electrically 
substantially" - for example, even if it is connection through a thin insulating material etc., it 
uses as a thing also containing a connection mode in which migration of a charge on another side 
from one side and supply are substantially performed by tunneling etc. at the time of actuation. 
[0016] 

[Embodiment of the Invention] <the 1st operation gestalt> « in the 1st operation gestalt, by 
increasing the formation voltage of the 2nd-step anodic oxidation (2nd pore group) explains the 
manufacture approach of a porous layer of having the pore of the selected (infanticide) pore 
structure, to the formation voltage of the lst-step anodic oxidation (1st pore group) using a two- 
step anode oxidation method. Drawing 1 -3 are the process sectional view showing the 
manufacture approach of the porous layer of this operation gestalt. 

[0017] Drawing 1 shows the process sectional view of the porous layer after the lst-step (1st 
pore group) anodic oxidation. Like drawing 1 , the aluminum substrate 1 (99% or more of purity 
is desirable) was anodized, and the alumina oxide film on anode 2 and the pore group 3 were 
formed. The aluminum substrate 1 impressed and anodized the electrical potential difference of 
40V among 0.3M oxalic acid (temperature: 16 degrees C). Drawing 2 shows the process 
sectional view of the porous layer after the 2nd-step (2nd pore group) anodic oxidation. The pore 
4 of the 2nd pore group which connects with a part of pore 3a formed by the 1st pore group like 
drawing 2 was formed. Anodic oxidation conditions were 195V among the 0.3M phosphoric acid 
(temperature: 0 degree C). 

[0018] At this time, selectivity (thinning out ****) (the pitch 5 of the pore of the 1st pore group / 
pitch 6 of the pore of the 2nd pore group) K can be expressed as K**V1 N2 using applied- 
voltage:Vl of the lst-step (1st pore group) anodic oxidation, and applied-voltage:V2 of the 2nd- 
step (2nd pore group) anodic oxidation. K is approximated to an integer. In this operation gestalt, 
it is calculable with K=40/195**l/5. That is, the pore (pore formed from the pore of the 1 st pore 
group and the pore of the 2nd pore group) which penetrates an aluminum substrate has formed 
the structure which chooses four of five of the pores formed after the lst-step anodic oxidation 
(infanticide). At this time, the pore consistency of the pore which penetrates an aluminum 
substrate decreased to 1/25 of the pore consistencies of the pore of the 1st pore group (V1/V2) 
(2). Moreover, a pole diameter and cell size increased by those 5 times (V2/V1) the pore of the 
1st pore group. 

[0019] As mentioned above, by controlling the applied voltage of the lst-step (1st pore group) 
anodic oxidation, and the applied voltage of the 2nd-step (2nd pore group) anodic oxidation The 
pore of the 2nd pore group was prepared in the pore of the 1st pore group chosen according to 
the device design (infanticide), and the consistency of the penetration pore penetrated from one 
front face of an oxide film on anode 2 to another front face became controllable. 
[0020] Drawing 3 shows the process sectional view of the porous layer after the current recovery 



for contacting the 2nd pore 4 and aluminum substrate 1 of a pore group. The micropore 7 of an 
arborescence formed in the pars basilaris ossis occipitalis of the pore 4 of the 2nd pore group like 
drawing 3 . By forming such micropore 7, the aluminum substrate 1 and contact of the 
penetration pore formed from the selected pore 3 of the 1st pore group and the selected pore 4 of 
the 2nd pore group are attained, such current recovery - the inside of the 2nd 0.3M phosphoric 
acid (temperature: 0 degree C), and 195V - receiving ~ applied voltage - 10 - it was attained 
by decreasing every [ V ] (195V->185V->175V-> -> « ->--). When contact to the aluminum 
substrate 1 is inadequate, by leaving it in a sulfuric-acid solution for several hours, etching 
clearance is carried out and it becomes enough contacting the about seven-micropore anodized 
film 2 (alumina; Ar 203) to the aluminum substrate 1. Such contact needs to be substantially 
connected with the aluminum substrate 1 electrically. Although it is desirable that the barrier 
layer of pore 3 pars basilaris ossis occipitalis is removed thoroughly as for substantial electrical 
installation, if conductivity is secured, it means that the barrier layer may not be removed 
thoroughly. That is, when a barrier layer is thin enough, it is because it becomes securable [ the 
conductivity by tunneling ]. 

[0021] Drawing 4 (a) - (c) shows the process sectional view of the porous layer which filled up 
penetration pore with the packing material using the penetration pore formed by drawing 1 - 
drawing 3 . Such a manufacture approach is applicable to a vacuum micro device, a magnetic 
device, a luminescence device, a photograph nick device, the quantum effectiveness device, a 
chemical sensor, magnetic memory, etc. In this operation gestalt, a chemical sensor is explained 
as an example of representation. Drawing 4 (a) separates the ****** oxide film on anode 2 for 
the pore 3 of the 1st pore group on the aluminum substrate 1 formed like drawing 3 , the pore 4 
of the 2nd pore group, and the micropore 7 of an arborescence, and shows the process sectional 
view of the porous layer which formed the electrode material 8 in the aluminum substrate of the 
1 st pore group, and the front face of an opposite hand. 

[0022] The anodized film 2 from the aluminum substrate 1 is separated by one of the approaches 
of whether etching clearance of the aluminum substrate 1 is carried out, or to carry out the 
reverse point of the potential at the time of anodic oxidation. An electrode material 8 is formed 
using a spatter or vacuum deposition. If the thickness of an electrode material 8 has desirable 
about 0.5-1 micrometer and its thickness is thin, it cannot fully cover oxide-film-on-anode 2 
front face, but on the other hand, if thickness is thick, the problem of being hard to form a thin 
film will produce it. 

[0023] Drawing 4 (b) removes the barrier layer of the micropore 7 of the arborescence formed in 
the aluminum substrate 1 side, and shows the process sectional view of the porous layer which 
filled up selectively the pore of the 1st pore group linked to the 2nd pore group with the sensing 
ingredient 10. The barrier layer of the micropore 7 of an arborescence was removed using the 
rare fluoric acid of about 0.5 - 1% of concentration. Thus, by removing the barrier layer of the 
micropore 7 of an arborescence, opening 9 will be formed and the pore 3 of the 1st pore group 
linked to the pore 4 of the 2nd pore group will be spatially exposed selectively. Then, the pore 3 
of the 1st pore group exposed spatially is selectively filled up with the sensing ingredient 10 by 
the electric depositing method, for example, electric plating. 

[0024] Drawing 4 (c) shows the process sectional view of the porous layer which exposed to 
space the head of the sensing ingredient 10 with which the pore 3 of the 1st pore group thinned 
out and (selection) carried out was filled up. Here, the oxide-film-on-anode part of the 2nd pore 
group is removed, clearance of an anodized film ~ an etching removal method or chemical / 
mechanical polish (CMP;Chemical Mechanical Polishing) — law is used. In respect of the ease of 



manufacture, on the etching method and a concrete target, the wet etching method is desirable, 
and fluoric acid, a phosphoric acid / hydrochloric-acid mixed acid, a sodium hydroxide, etc. can 
be used. A sensing ingredient is filled up into a porous layer with the selectivity (rate of 
infanticide) decided by the applied voltage of the lst-step (1st pore group) anodic oxidation, and 
applied voltage of the 2nd-step (2nd pore group) anodic oxidation by penetration pore like 
drawing 4 (c). In this operation gestalt, the porous layer with which it filled up every five of the 
pore of the 1st pore group was formed. Thus, unlike the conventional chemical sensor, the 
consistency of the nano structure was controlled, and since the chemical sensor using the 
manufactured nano structure had the configuration in which the sensing ingredients with which 
the nano structure was filled up were moderately scattered, its sensing property of a chemical 
sensor improved greatly. 

[0025] A <operation gestalt of ** 2nd> book operation gestalt explains the manufacture 
approach of the porous layer at the time of using support substrates, such as a glass substrate and 
a silicon substrate, using drawing 5 and drawing 6 using the two-step anode oxidation method 
explained with the 1 st operation gestalt. The devices using the porous layer of such a 
configuration are current and the structure where it is widely used for a device, and can be 
widely applied to various electron devices, an optical device, etc. In this operation gestalt, an 
electron device is mentioned as the example of representation, and is explained. 
[0026] Drawing 5 (a) shows the process sectional view of the porous layer after the 1 st-step (1st 
pore group) anodic oxidation. As a support substrate 1 1, a glass substrate, a silicon substrate, etc. 
are desirable. When using a glass substrate, formation of an electrode material is required on the 
support substrate 11. The silicon substrate was used in this operation gestalt. On a silicon 
substrate 1 1, the aluminum deposition film 12 is formed with a spatter, vacuum deposition, etc. 
The thickness of the aluminum deposition film 12 has desirable about 2-4 micrometers, and 
when thickness is thin, pore formation is checked, and when thickness is thick, on the other hand, 
a production process becomes severe. Moreover, as for the front face of the aluminum deposition 
film 12, it is indispensable that it is a flat, and it is desirable in a visual inspection that it is a 
mirror plane. 

[0027] Thus, the lst-step (1st pore group) anodic oxidation was performed on the formed 
aluminum deposition film 12 like drawing 1 . Anodic oxidation conditions were 0.3M oxalic acid, 
temperature: 16 degree C, and applied-voltage:40V. Like drawing 5 (a), while the oxide film on 
anode 2 formed in the surface part of the aluminum deposition film 12 on a silicon substrate 11, 
the pore 3 of the 1 st pore group formed. 

[0028] Drawing 5 (b) shows the process sectional view of the porous layer after the 2nd-step 
(2nd pore group) anodic oxidation. The pore 4 of the 2nd pore group which connects with a part 
of pore 3a formed by the 1st pore group like the case of drawing 2 was formed. Anodic oxidation 
conditions were 0.05M oxalic acid, temperature: 16 degree C, and applied-voltage:80V. As 
shown in drawing 5 (b), the barrier layer 13 exists in the pars basilaris ossis occipitalis (pore pars 
basilaris ossis occipitalis by the side of a silicon substrate 1 1) of the pore 4 of the 2nd pore group. 
[0029] Drawing 6 (a) shows the process sectional view after removing the barrier layer 13 of the 
pars basilaris ossis occipitalis of the pore 4 of the 2nd pore group. The barrier layer 13 on a 
silicon substrate was easily removable by continuing and performing anodic oxidation to 
drawing 5 (b). Thus, by controlling anodization time amount, the barrier layer 13 of the pars 
basilaris ossis occipitalis of the pore 4 of the 2nd pore group was removed, and the exposed part 
14 of a silicon substrate formed. As shown in drawing 6 (a), the pore which has the exposed part 
14 of a silicon substrate 1 1 can offer now the porous layer which controlled the pore consistency 



by using the pore which was chosen (infanticide) and chosen in this way (infanticide). 
[0030] Drawing 6 (b) shows the process sectional view after filling up with a packing material 15 
the pore chosen by drawing 6 (a) (infanticide). The electrochemical deposition, i.e., 
electroplating, of the approach of filling up the selected (infanticide) pore with a packing 
material 15 is desirable. Like drawing 6 (b), the pore which the silicon substrate 1 1 exposed was 
selectively filled up with the packing material 15 by electroplating, and the pore of the 1st pore 
group was operated on a curtailed schedule as a result. Thus, the porous layer of the invention in 
this application could be formed not only an aluminum substrate but on the silicon substrate and 
the glass substrate, and it has checked that it could carry in various devices, such as an electron 
device and an optical device. 

[0031] A <operation gestalt of** 3rd> book operation gestalt explains the manufacture approach 
of the porous layer at the time of using the support substrates 1 1, such as a silicon substrate, like 
the 2nd operation gestalt using drawing 7 . In this operation gestalt, a vacuum micro device is 
mentioned as the example of representation, and is explained. Especially, the manufacture 
approach of a carbon nanotube electron source is explained as an example of the manufacture 
approach of the electron source in which low-battery actuation is possible. However, as an 
electron source ingredient of the invention in this application, it may not be limited to such a 
carbon material. 

[0032] The process sectional view after drawing 7s fa'sVs forming pore structure on the support 
substrate 1 1 with two-step anodic oxidation method like drawing 6 (a), using the pore structure 
as mold and forming a carbon nanotube 16 is shown, a carbon nanotube 16 - CVD (Chemical 
Vapor Deposition) ~ it may be formed by law. As the formation approach of such a carbon 
nanotube 16, a metal catalyst is arranged in the support substrate outcrop 14 of the pars basilaris 
ossis occipitalis of the pore 4 of the 2nd pore group, and there is also the approach (see the 
carbon nanotube formation approach of patent No. 3008852) of forming a carbon nanotube by 
making this metal catalyst into a growth origin. The carbon nanotube 16 was formed in each of 
the penetration pore which the pore 3 of the 1st pore group, and the pore 3 of the 1st pore group 
and the pore 4 of the 2nd pore group connected and formed like drawing 7 (a). 
[0033] Drawing 7 (b) shows the process sectional view after exposing the head of the selected 
(infanticide) pore. Head exposure of the carbon nanotube 16 from an anodized film 2 used the 
wet etching method. As etching for anodized film 2 clearance, fluoric acid, a phosphoric acid, a 
sodium hydroxide, a phosphoric acid/hydrochloric acid, etc. are used. If such wet etching is 
performed, the lift off of the carbon nanotube 16a formed in pores 3 other than the penetration 
pore which the pore 3 of the 1st pore group and the pore 4 of the 2nd pore group connected and 
formed like drawing 7 (b) is carried out with etching of an anodized film 2, and only the carbon 
nanotube 16 formed in penetration pore remains. As a result, the carbon nanotube 16 to form is 
operated on a curtailed schedule and the consistency of a carbon nanotube 16 decreases. 
[0034] However, since a carbon film is covered also not only to the wall of pores 3 and 4 but to 
oxide-film-on-anode 2 front face in the manufacture approach of the carbon nanotube by the 
CVD method which uses as mold pore structure explained by drawing 7 (a), it is necessary to 
remove the carbon film of oxide-film-on-anode 2 front face. The carbon film of oxide-film-on- 
anode 2 front face is easily removable by oxygen plasma etching which used RIE (Reactive 
IonEtching). As mentioned above, by using two-step anodic oxidation method, by the 
consistency of a carbon nanotube decreasing and exposing the head of a carbon nanotube, 
electric-field concentration was able to be raised and low-battery emission was able to be made 
possible. 



[0035] <the 4th operation gestalt> - in the 4th operation gestalt, the manufacture approach of the 
porous layer using another two-step anode oxidation method is explained. A different point from 
the 1st operation gestalt manufactures the porous layer which has the pore of the pore structure 
which chose formation voltage of the 2nd-step anodic oxidation (2nd pore group) by decreasing 
(infanticide) to the formation voltage of the lst-step anodic oxidation (1st pore group). Drawing 
8 -9 are the process sectional view showing the manufacture approach of the porous layer of this 
operation gestalt. 

[0036] Drawing 8 shows the process sectional view after performing the lst-step anodic 
oxidation to the aluminum substrate 1 like drawing 1 . Anodic oxidation conditions were 0.3M 
oxalic acid, temperature: 16 degree C, and applied-voltage:40V. Like drawing 8 , while the oxide 
film on anode 2 formed on the aluminum substrate 1, the pore 3 of the 1st pore group formed. 
Drawing 9 shows the process sectional view after performing the 2nd-step anodic oxidation. 
Anodic oxidation conditions are 0.3M oxalic acid, temperature: 16 degree C, and applied- 
voltage:20V, and the pore (pore aggregate) 17 of the 2nd pore group which thinned out and 
carried out pore 3a of the 1 st pore group formed them. 

[0037] At this time, selectivity (rate of infanticide) (pitch 19 of the pore which the pore 
aggregate of the pitch 18 of the pore of the 1st pore group/the 2nd pore group formed) K Applied 
voltage of the lst-step (1st pore group) anodic oxidation: Using VI and applied-voltage:V2 of 
the 2nd-step (2nd pore group) anodic oxidation, it becomes K**V2/V1 and is set to one half in 
this operation gestalt. That is, the pore (pore aggregate) 1 7 of the 2nd pore group forms [ one ] in 
two of the pores of the 1st pore group. At this time, the pore consistency of the pore which 
penetrates an oxide film on anode 2 decreased to one fourth of the pores of the 1st pore group. 
[0038] Like the 1st operation gestalt as mentioned above, by controlling the applied voltage of 
the lst-step (1st pore group) anodic oxidation, and the applied voltage of the 2nd-step (2nd pore 
group) anodic oxidation The pore (pore aggregate) of the 2nd pore group was prepared in the 
pore of the 1st pore group chosen according to the device design (infanticide), and the 
consistency of the penetration pore penetrated from one front face of an oxide film on anode 2 to 
another front face became controllable. 

[0039] Next, drawing 10 and drawing 1 1 explain the example of representation for applying the 
porous layer of such a configuration to a device. Drawing 10 (a) - (c) is an example of 
representation at the time of using an aluminum substrate (configuration applicable to a chemical 
sensor), and drawing 1 1 (a) - (c) is an example of representation at the time of using the support 
substrates 11, such as a glass substrate and a silicon substrate, (configuration applicable to an 
electron source). 

[0040] To the porous layer shown by drawing 9 , drawing 10 (a) removes the aluminum substrate 
1, and shows the process sectional view after forming an electrode 20. The aluminum substrate 1 
carried out etching clearance with the mixed acid of a phosphoric acid / nitric acid / acetic acid. 
The electrode 20 was deposited with a spatter and vacuum deposition. Drawing 1 0 (b) shows the 
process sectional view after filling up the pore operated on a curtailed schedule with the sensing 
ingredient 22 after removing the barrier layer of the pore aggregate 17 of the 2nd pore group. 
The barrier layer was removed by fluoric acid and formed opening 21 in the pore aggregate 17. 
Drawing 1 0 (c) shows the process sectional view after exposing the head of the filled sensing 
ingredient 22. The anodized film 2 was removed using the wet etching method or the chemical / 
mechanical grinding method. By removing an oxide film on anode 2, the head of the sensing 
ingredient 22 with which only the pore of the 1st pore group which the pore aggregate of the 2nd 
pore group formed was filled up was exposed. 



[0041] Next, the application of another device is explained. As the 2nd operation gestalt 
explained, drawing 1 1 (a) forms the aluminum deposition film 2 on a silicon substrate 1 1, gives 
the 1 st and the 2nd-step anodic oxidation like drawing 8 and drawing 9 , and shows the process 
sectional view after putting a carbon film 16 on the wall of pores 3 and 17 with a CVD method. 2 
micrometers of aluminum deposition film 2 were formed by the spatter on the silicon substrate 
1 1 . Moreover, the lst-step anodic oxidation was performed by 40V among 0.3M oxalic acid 
(temperature: 16 degrees C), and the 2nd-step anodic oxidation was performed by 20V among 
0.3M oxalic acid (temperature: 16 degrees C). The carbon film (carbon nanotube) formed 800 
degrees C and a propylene (inside of nitrogen 2.5%) by making it circulate for 3 hours among the 
quartz coil. 

[0042] Drawing 1 1 (b) is the process sectional view after exposing a carbon nanotube 16 to space. 
By carrying out etching clearance of the anodized film 2 by fluoric acid etc., the head of a carbon 
nanotube is exposed. Although the exposed carbon nanotube consists of a carbon nanotube 23 
formed in the penetration pore which consists of a pore aggregate 17 of the pore 3 of the 1st pore 
group, and the 2nd pore group, and a carbon nanotube 24 formed in 1st pore group independent 
pore at this time, since floating of the carbon nanotube 24 is carried out electrically, only a 
carbon nanotube 23 is activity in device substantially. Therefore, the pore formed by the lst-step 
anodization as a result was operated on a curtailed schedule, and the pore consistency (carbon 
nanotube consistency) was reduced. However, when a problem has a carbon nanotube 24 to a 
device structure target, it is required to carry out a lift off and to remove the unnecessary carbon 
nanotube 24 by the over etching of an anodized film 2. 

[0043] As mentioned above, by making formation voltage of the 2nd-step anodic oxidation 
smaller than the formation voltage of the lst-step anodic oxidation, by operating on a curtailed 
schedule the pore formed by the lst-step anodic oxidation, and reducing the consistency of the 
carbon nanotube electron source formed substantially, electric-field concentration was raised and 
the electron source in which low-battery emission is possible has been offered using the two-step 
anode oxidation method. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The process sectional view of the porous layer in the 1st operation gestalt is shown. 
[Drawing 2] The process sectional view of the porous layer in the 1st operation gestalt is shown. 
[Drawing 3] The process sectional view of the porous layer in the 1st operation gestalt is shown. 
[Drawing 4] The process sectional view of the chemical sensor using the porous layer in the 1st 
operation gestalt is shown. 

fDrawing 5] The process sectional view of the electron device using the porous layer in the 2nd 
operation gestalt is shown. 

[Prawing 6] The process sectional view of the electron device using the porous layer in the 2nd 
operation gestalt is shown. 

fPrawing 7] The process sectional view of a carbon nanotube electron source using the porous 
layer in the 3rd operation gestalt is shown. 

fPrawing 8] The process sectional view of the porous layer in the 4th operation gestalt is shown. 
[Prawing 9] The process sectional view of the porous layer in the 4th operation gestalt is shown. 
fPrawing 10] The process sectional view of the chemical sensor using the porous layer in the 4th 
operation gestalt is shown. 



[Drawing 11] The process sectional view of a carbon nanotube electron source using the porous 
layer in the 4th operation gestalt is shown. 

[Drawing 1 2] The perspective view of an alumina oxide film on anode is shown. 
[Description of Notations] 

1 Aluminum Substrate 

2 Oxide Film on Anode 

3 3a Pore of the 1 st pore group 

4 Pore of 2nd Pore Group 

5 Pitch of Pore of 1st Pore Group 

6 Pitch of Pore of 2nd Pore Group 

7 Micropore 

8 Electrode 

9 Opening of Pore Pars Basilaris Ossis Occipitalis of 2nd Pore Group 

10 Sensing Ingredient 

1 1 Support Substrate 

12 Aluminum Deposition Film 

13 Barrier Layer of Pore of 2nd Pore Group 

14 Contact Section of Pore Pars Basilaris Ossis Occipitalis of 2nd Pore Group 

1 5 Packing Material 

1 6 Carbon Nanotube 

1 7 Pore Aggregate 

1 8 Pitch of Pore of 1st Pore Group 

19 Pitch of Pore of 1st Pore Group Which Pore Aggregate of 2nd Pore Group Formed 

20 Electrode 

21 Opening of Pore Aggregate Pars Basilaris Ossis Occipitalis 

22 Sensing Ingredient 

23 Carbon Nanotube in contact with Substrate Layer 

24 Carbon Nanotube Which Carried Out Floating 



CLAIMS 



[Claim(s)] 

[Claim 1] The 1st pore group at least is a porous layer characterized by having the 2nd pore 
group from which an aperture differs succeeding the part and the depth direction of the 1st pore 
group which is the porous layer which consists of two or more pores, has opening on the 1st 
front face, and carries out termination in a certain depth, and said 1 st pore group. 
[Claim 2] The porous layer according to claim 1 to which the aperture of said 2nd pore group is 
characterized by being larger than the aperture of said 1st pore group. 

[Claim 3] The porous layer according to claim 2 characterized by the gestalt with which said 2nd 
pore group follows said 1st pore group being a gestalt which the pore of two or more 2nd pore 
groups follows to the pore of the 1st one pore group. 

[Claim 4] There is no claim 1 characterized by having opening on the 2nd front face said whose 
2nd pore group is another front face of said 1st front face of said porous layer, and it is the 
porous layer of a publication 3 either. 

[Claim 5] The electron device characterized by having further the electron emission section 
prepared at the pore of the claim 1 thru/or 1st [ said ] pore group which is equipped with the 



porous layer of a publication 4 either, and follows said 2nd pore group and said 2nd pore group, 
and connecting said electron emission section with said electrode electrically substantially on an 
electrode. 

[Claim 6] The chemical sensor device characterized by having further the chemical sensor 
section prepared at the pore of the claim 1 thru/or 1st [ said ] pore group which is equipped with 
the porous layer of a publication 4 either, and follows said 2nd pore group and said 2nd pore 
group, and connecting said chemical sensor section with said electrode electrically substantially 
on an electrode. 

[Claim 7] The manufacture approach of the porous layer characterized by including the process 
which forms the 2nd pore group which anodizes on the 1st process which anodizes an anodic 
oxidation base and forms the 1st pore group, and different conditions from said 1st process, and 
follows a part of 1st pore group. 

[Claim 8] The manufacture approach of a porous layer that it is the manufacture approach of a 
porous layer according to claim 7, said different conditions are the formation voltage in anodic 
oxidation, and formation voltage in said 2nd process is characterized by being [ of the formation 
voltage in said 1st process ] an integral multiple mostly. 
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0 V-foM'> ( 1 9 5 V-> 1 8 5 V-> 1 7 5 V -»•••-» •• 
20 -»•■•) -TSCttCiO, Ifig^ftfc. T/l/S^^AStg 

1 t03>?^hj!)Wlfi65^ 

(7;b5f- ; A r:03) *'Xyf >yH$Sn> 7;l/ = 

-•>AS«Hc:JtrS3>^^h^+^i:ftSo c©* 
343 V** h«, HH^c7;V5^^AS«i tm^ 

It. «?L3J£»©/<y7»#SS£ei*££ftT^*Cfc 
*Wt U>*V *«tt)Wt«Sftftff/<»J 7Stf5^C 
»S?ftTv4<Tt«lto4^i:i:%iS«-r5. EP^, 

©5t«3b^riei:4Sfc46-efe5o 
[0 0 2 1] 04 (a) ~ (c) «\ 01~03TffM 

?L«i©lSWffiia%* , r. c©<};34Sii^ffiii, » 
Tt4, *f»«i:UT«WW*. 0 4 

(a) ti, 0 3©J:5{CjgfilcLfc7;l'5n7Aa«l± 
40 ©Sl©*ffl?LP©SB?L3, H2©,mi¥©*ffl?L4 1 ffitf 
©m«l?L 7 «K(f ^RMBK^UR 2 t#H L, S 1 ©«E?L 
S©7;1/ 5 - 7 AS« i: 5Wll©SffltcaHTO 8 ^15 
ttf=^?L«H©ie»fffi0«:^-ro 

[0 0 2 2] 7yl/5=.">ASttl^&©BaiWt«2 

a. 7 fos.-V2±mifci mztzfr. ait 
mw&*mi<\ Bi&tZo m.mttn8<ommit. o. 5 

~l /imMAWSK, «W*Wv>i:llffii?ftffll2* 

50 imcixf^ -15. mmtw^twm*Bi&Lm 
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[0 0 2 3] 04 (b) It. 7/l/5x7A»gl ffiOfcfl? 
fig Ufc^eomBBTL 7 0/<D7JI*H*£U H2<0lffl?L 
mc&MLft® l 0«|?L»OlB?Lt3»RWt-b>->vy 
0*»«Ufc*?L)MIOia>HiiH*w-r. «* 
0«tt?L7 0/<U7S«, 0. 5 ~ 1 %SS<Dig*£># 
7>y»*ffl^TR§S*Lft. C©£ 9£<tf«©»»L7 <0 

SS2©»l?LS©ffl?L4 iC&mLtcm 1 ©»l8¥©*ffl?L3 

tmi Otf?e«£n£>o 
[0 0 2 4] 04 (c) It, HI9I* (SIR) ttlkfSl 

<omimnmn 3 tjaistifc-t v^v^to 1 0 ©& 

?it, m2<DmKm<ommm<tmm*®i£*%o mm 
McMfM£it. x.y?>m£&. sftst. {mm- 

iWI(CMP;Chemical Median 
ical Polishing) j££ffll>&„ gjg©:g 20 
S£©j£T*Jt, X-y^y^ffi, Hft6tyCtt7l-y H7 

iti-hV'tL.mzm-'Zcttf-vzzo 04 u) <d& 

oic, £?L»Ifci\ Sll&Pgi (»lo«I?L») coins 
BffcOBMnmE, ^2gpgg (§?2©»?Lg¥) OHM 

m i ©*a?Le¥©ffl7L© smmcimzixrz&nMMtfM 

f££ttfto c©<fc3KLTSBS2ttft*/#tifitt*ffli> 

ftft**:/*-!*, tm%v. 30 

isyfttmmmim&Lrcm&zmzrctb. ft** 
[0025] <^2(ommmm>^m.mmTit, m\ 

[0 0 2 6] 05 (a) ft, fglgpgg (!gl©*ffl?l 

w> ©PittKfkao^TLaBoiewfffiBi*^. sat 

TOOfBi«T$5. **fflUBjgtC^>T{ts >"J 

)^~t>umm.\ 2<rmmt, 2~4^mgs*ws 
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[0 0 2 7] COJ:?fcLTfl5**tlft7;l'5~'7Ai| 
MM 1 2 IC, 01 fcWtlC, S 1 SP§§ 1 ©fcfflft 
S) OBiiSlKfToft. PBffiftft&fttt* 0. 3M-> 

ifs, as : let, mtmE ■■ a o vf*?ft. 0 

5 (a) Cfcdfc, >"J=ivStSl l±©7;I/$-7A 

man 1 2 osifis^tciefflifbfli 2 *«-r s 

IC, IB 1 ©*ffl?lJ¥©*ffl?l 3 Lft. 
[0 0 2 8] 05 (b) It, %2®mg (Sg2©«l 

m) ommmt&r>&iLnmo±mmm*7r<t. 02 

0«£fcWI*fc, S 1 ©H?LS-l?*#Sftft-»©l||ffl. 
3 a fc^*S82©IB?lJ&Dffl?L4£«l«Lfc. R|S 
Wt*fttt, 0. 0 5M->a7K> Sfi: 16TJ, EPiD 
Ml£: 8 0Vt-j6oft. 05 (b) fcjjsfj: 3 SS2 
©«?LS©*B?L 4 ©Iggp (->'J 3 >mW. 1 1 M©ffi?UE 
AO iClt/VJTmi 3tffi&ti. 
[0 0 2 9] 06 (a) It. ig2©«LP©«L4©|g 
gp©/S'J7/Il 3*®t£Lrz&<DXWBiW®Z7r>.?o ~> 
V3>mHLtW)7mi 3tt, RHHMI:«H5 (b) 

co^^tc, »fflWWlHI*»JWr*ci:u:j:»), ^2 

C0ffl?L^C0ffl?L 4 ©JSgPcO/'! 'J 7M 1 3 ft, 
'J n yglSosmSP^- 1 4jb >! ^Lfc„ 0 6 (a) (C^ 
•fJcdJC, ~>'J3i/S«l KOgffiSBtfl 4«r#-T5ffll 
TLti, (H§lf) £ttfcfc<DT*&»J, ccoj;3{cS 

[0 0 3 0] 06 (b) it, 06 (a) TSK (193 1 
f) ^n/iiffl?L{C7C«TOl 5£7E«Lfc&©:DgKrE 

H%^-r. a*? (Bi3it) *nfemtc5fB«t*^i 5^ 
06 (b) coefc^tc, tcw^i 5tt, mn 

tift. iicD^^tc, *K58W©^7La«(t, 7;l/5x7 

[0031] <m3<Dmmmm>^mmmmrHt, mz 
(ommBmtmmic ->u3>atRsso3a*s«i i£ 

fflvft«*C^?LRJBOSBil^a*H 7 Sfflt^TBiWr 

1% 
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[003 2] 07 (a) It, 06 (a) tm®.KLT2 

16 it, CVD (Chemical Vapor De 
position) STffMStt^S &©?&£„ C© 

si 2 ©*nfL$©iffl?L 4 ©gairc>$&&i&Btti& 1 4 
mmk*erl. t*&mtiK&ma&&tLT* *- 
#>+y^-a-^«»*r*si6 awf»3 0 0 8 8 5 

2#©#-#y*7^a-7^(S;£i££#i!g) t*5. 
07 (a) ©J:5te, 6fi, SI 

1 ©»?LS©»RL 3 , RtfSI 1 ©IB?LS©*H?L 3 SI 2 

[0 0 3 3] 07 (b) it, MtR (H3lt) 2nft«L 
*>£>©*-* Vt/^a-7 1 6©5fe4SSffi«, 7x-y 

xy*vy*frS4:, 07 (b) <D£oiC, Sll©Sffl?L 
8¥©*ffi?l 3 t SI 2 (D«l7L»Ota?L 4 tmtt bTJBfiic bfc 
maifB7UXH©ffl?L 3 ic jftft Ltz t> -# V* / f-a -7 
16att. H»{k^2©X-y^>ytJt(C N U7h* 

7$n, maffl?LK:»figbfc*-#>-t/^a-7i 6 
oD-wmtZo mimics B&?z*-$>i-y?* 

-71 6ttH3l*5ft, A-#>t/fa-71 6 0S 

[0034] {bl, 07 (a) vmmLtttmm&^m 

m 1 f % c V D ffifc H 5 * - « -yf y =}- a - 7©K3i?j 
£©«£, IBJLS&JMCrtBiEttTHifc^ Hffi&ft 
it 2 SiBfcWLT tlSfc*, 

§i2£i&oM&iw*iig&r$^#&«. naa»fbfi(2 

SS©J^H«> RIE (Reactive IonE 
t c h i n g) 5rfflV«7*7Xvx7f>mi 
CI«SBJIIT»*. «±©J:$li:, 2gFBHSBfl:&* 

U #-#>^/^a-7©5ra£mr3C£fc:<fc 
[0 03 5] <W, 4 <D9iMBm>% 4 ©UliJgjBfCfiSV 

tw\ s'j©2aiigiiffis?<kffi?:ffl^fc^?La«©sajg?3 
ffi*Kwr*. s i os!»«»fcaft*jS{i, an sue 

g©H«ft: (SI l ©*ffl?Lg¥) ©toScHEfcflbT, H 
2gPg@OHM^ (S32©«LS¥) ©<tf£aE*!£'> 
-rscfctcfeO. SS? (H5I#) Lfc»?L*|ji©ilB?Lfc 

m^z&immikwm-tZo 08-9 a, #*6sj&fig© 

[0 0 3 6] 08te, 0 1 7;l/ = x7ASS 
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ltcfcfbT, £i3B§©limfc*?T7fc&©xaNr 
S0*^To mil^U, 0. 3M->a^ jg 
fi: 1 6t, mm.S. : 4 OVTSoft. 08©<£-? 
(c, 7;I/5x^A»tRi±H:llWftfkil2««»dWSi: 
SlOtWL»©«?L3!b^JSLfe. 0914. §52 

o. 3M->a7K, urn - 1 6°c, mm 

E : 2 0VT?$>»K S5l©ffl?LS©lffl7L3 a*H3ISL 
fcSI2©»?LS©IB?L (HRUteftO 1 7tf«fi£bfc. 
10 [0 0 3 7] COB*, (H3I**) K (£l©» 

?L»©i8B?L©t:-yf-l 8/S2©*ffl?L»©ai?L*^ft:^ 
»*Uft*?L©irryf-l 9) {4, JglSPgg (SI 1 ©SB 
?Lf¥) ©H«{t©£niQSE : V K S5 2|8K§ (£12 
©fflJLS) ©B«»fl:©flWinttE : V2tiv\ 

K=V2/V 1 

Si 1 ©*ffl?U¥©*ffl?L© 2 oe l otfSI 2 ©*ffl?lJ¥©iiffl7L 
OBHUItett) 1 7 C©fl#, WU2 

fcJBtrsffflJLOliBJLftStt. SI 1 ©«IP©«1© 1 
20 /A\lW>LTz. 0 

[0 0 3 8] W±©*-5fc, SH©*fiS)B§lt|p|tt(C, 
SI 1 SPgg (SI l ©!SB7Lg¥) ©B<S^ft©EniP«E, SI 
2gpg@ (SI2©ai?LS¥) ©H«<b©91)!jn«E^iJffll 

^ttfcSI 1 ©«HL»©IWLtS 2 ©3ffl?Lgf©lffl?L 0B?L 
ife^ft) W6ft> »*»{kil2flD-^r©*BB^6t 

3 -^©sai^aii-r * HjiaiJLcffifitfSjanniEtft 

[0 0 3 9] ^K, ^©iS&lil^^JlitlSrTvW 

30 x*cjsffl-r4fc»©«affi*Bi io, 01 1 -vmrnt 
010 (a) ~ (c) it, 7>is,-V2±mw.zm^ 

0, 01 1 (a) ~ (c) tt, fl5XSfi. ->';3>S 

[0 0 4 0] 010 (a) It, 09T^bfc^7LSS»C 
»bT, 7;l/5x7AS«l%^Sb, «H2 05rKtt 
ftftOiaBrBSHSw-r. 7;l/5x>>Aa«ltt, 'J> 
SE/^K/PKOSKT-X-y^vy^SbAco S1i 2 0 
40 It, Myjtm* M?i&?m®Lfc, 010 (b) it, 

si 2 ©ffl?L»©ai?ufc^f* 1 7 ©m»j rmzffi&k, ® 
tift aat * > -> > y*m 2 2 b tzmoj. 
msmm*m-o /^J7^tt7-y^msb, ^7L*^ 

#1 7(C^PgP2 l^ttfco 010 (c) (4, 3t«b 
/c-try-»y^2 2©5t4g%»ffitfcft©I8»rffiH 
BffiK{k^2{4, 7x-y Myf-y^tt, Sfc 
tt. ft^W-««WWejs6?rffl^TH?ibfCo B&ftfl: 

^2^^-r^ctfcj;'?, si2©aa?LSf©ffl?ifii-8-{* 

ft&l&LrcWi l ©«?L»©j|IB?LK:©*?E«Stifc-bys/ 

50 > jfffi 2 2 ©ftSgtf SSffi b /Co 
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t%c 011 (a) a, m2<DmffiBm-vmwLrz£o 

IC, l±C7;l/5^^A±t«M2^Jgfi)c 

2M\ ^'Jn^lll l±(CX/^y*j£T2/imflML 
fee ^lSPgB^WftfiO. 3M^^m* 

OSS : 1 6X0 , 4 0VX1tV\ lil2&|S§B©Rl«? 
{fc«0. 3 M-> (tag: 1 6t) « 2 0VTlf 

8 0 CC, 7nlfUy 0**2. 5%) £315181 

[0 0 4 2] 011 (b) It. ij-^l/i- J=h 3.-71 

mtiMtomfL^fc 1 7 e. % s gffl*ffl?L»c j&fig-r & * 

lCfl5fig$nS*-4-*>-t/^a-^2 4 tMftStO 
£K *-#>'f-yf-a-y2 4««MWtC7n-7 1 i'>' 

?"LTV5fci&, HKW(c*-^y^/^a-72 3<D 

«<s*stifc. fit. * 

[0043] ULkOidtc, 2gpg?§«{t;i££ffl</\ 
tR 2 SHi<DHffi^lb©<tfigmffi«:S 1 gtliicDIME 

<ommtT°B&\.tz.w&Wffi 1 1 sn, *«w^ffM 

I- S y f - a - :?S?ifi<D&g *M5SE? ft £ c 
[0 0 4 4] 

BSE©***] «±Oi9(c, *«5SII!©£?LSfflttx 

ir/wm*.n**m i ©«?L»*BTHoiniiiBT?iffl3it-r 
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[0 4] S l OjeS6JBffit»*tS^?LSJB*ffl^^ft* 
■fe >"9--OXHWiiiH*^. 
10 [05] S2©^Ji$||KcKttS£5LMI*ffl^fc*? 
r/ W X©XS»rffi0£^-ro 

[0 6] «2 0Sas«|RK:^t*^5Ulfl«:fflv^«? 

[07] fBdvmimmizmfz&Tinmzm^rcjj- 

[0 8 ] m 4 ©*St5^ffitc^lt5^7LKg©xe»rffi0 
[0 9] §M©gt»ffif;:fi*ttS£?LRJi©xa»rffi0 

20 [01 o] %i4<Dmm&micmfz& : RMm%m^k<t 

[011] S4C*«iJI5*t»tt*#7L»B*fflv^* 

[01 2] 7;i/5^»«iwfciio»fflBa*w-r. 
[ft#©SiBj§] 
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2 ffiSHMfcll 

3,3 a mxoyymMvwL 
30 5 ^©ms^m©^?- 
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7 ftflffL 

8 Wi 

i o -ty-yyimn 
1 1 

1 2 7)ix-<yi±imm 

13 SI 2 ©tffl?LB©ffl?U>> <? "J 7S 

14 *2©iffl?LP©Siffl?lJKg|5©3>** hSP 
40 1 5 5tE«***4 

1 6 ft-^y J jr/=f-3.-T 

1 7 ffl?Uk£{t 

18 m 1 ©3ffl7L8¥©3i7L© fcf 

19 gl 2 ©«B?L»OtB?Ull^*)!»Wl« L fc» 1 ©*ffl?L 

2 0 mm 

2 1 MTLKl^icffionnflS 

2 2 •feVS'VytflSl 

2 3 Tiitny?^ b LftA-t^t/f a-7 
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